Examination for CBH351 maize was conducted by the qualitative polymerase chain reaction (PCR) method in maize grain and maize processed foods obtained in the Tokyo area. The numbers of samples possibly positive in the screening test were 7 of 22 (31.8ῐ) for maize grain samples, 4 of 14 (28.6ῐ) for semi-processed foods, 11 of 30 (36.7ῐ) for canned products, 3 of 30 (10.0ῐ) for maize snacks, 3 of 4 (75ῐ) for tacos and 1 of 3 (33.3ῐ) for tortillas. However, CBH351 maize was not detected in the confirmation test. Therefore, the results of the screening test were falsepositive. Since the reaction might have been caused by the base sequences of the 3῏-end of primers CaM03῍5῏ and CBH02῍3῏ used in the screening test, a new primer pair was designed. The PCR products obtained with the new primer pair TMC2῍5῏ῌTMS2῍3῏ were specific for CBH351 and were not obtained with barley, wheat, rice, RRS, Bt11, or Event176. Thus, the new primer pair shows high specificity. CBH351 maize was detected from samples containing at least 0.05ῐ CBH 351 maize DNA by using this primer pair.
Various new crops, such as herbicide-tolerant soybean and maize, and insect-resistant maize and potato, have recently been developed with the aid of recombinant DNA techniques. The safety assessment of 61 varieties of genetically modified (GM) crops including Roundup Ready soybean (RRS), MON810 maize and Bt11 maize has been accomplished and the commercialization of those crops has been authorized by the Ministry of Health, Labour and Welfare (MHLW) in Japan. On the other hand, unauthorized GM crops are supposed not to be distributed in, or imported into, Japan for food safety reasons. When these GM crops are detected in commercial foods, the administrative penalty of re-export or destruction is imposed on those foods. Also, CBH351 maize, which contains the insecticidal toxin Cry9C gene from Bacillus thuringiensis and glufosinate-tolerant PAT (phosphinothricin N-acetyltransferase) protein encoded by the bar gene from Streptomyces hygroscopicus, is forbidden to be used in foods by the MHLW.
The detection method for foods containing GMOs whose safety has not been assessed, including CBH351 maize, was published by the MHLW in March 2001. We have monitored GMOs in commercial foods with this method, and reported the results 1) . GMOs were not detected. However, we noted the existence of samples that showed a false-positive reaction for CBH531 maize in the screening test using the PCR method. Those samples were negative in the confirmation test. It is desirable that such false-positive reactions should not occur, to reduce the time and cost of the test. We thus studied the cause of the false-positive reaction in the screening test of the CBH351 maize, and were able to reduce the number of false-positives by using a more specific test. The details are presented here῍
Materials and Methods

I. Samples
One hundred and three maize grain samples and maize-processed food samples were obtained from August 2002 to August 2004 in retail stores within the Tokyo area.
II῍ Reagents
Primers TMC1῍5῏ῌ TMS1῍3῏ῌ TMC2῍5῏ῌ TMS2῍3῏ῌ MI03῍5῏and MIR03῍3῏ used for the detection of CBH351 maize were synthesized by Greiner Japan Co., Ltd. (Tokyo, Japan) and purified by reverse-phase chromatography. The primers are listed shown in Table 1 Crop DNAs: Barley, wheat and rice DNAs were extracted by using DNeasy Plant Mini Kit from commercial pressed barley, wheat flour and koshihikari rice, respectively. GM crop DNAs: RRS, Bt11 maize and Event176 maize DNAs were extracted by using DNeasy Plant Mini Kit from IRMM410 (SB-2.0), IRMM412 (MA-2) and IRMM411 (MZ-2), respectively, by Institute for Reference Materials and Measurements (Geel, Belgium). Other reagents were as described in the previous report 1) . 
III῍ Equipment
IV῍ Extraction of DNA
Maize grain, tacos and tortilla were ground in a mixing mill. A sample (2 g) of the ground maize grain samples, or semi-processed maize samples such as maize grits, maize meal, and maize flour, was placed in a 50 mL polypropylene centrifuge tube. Extraction of DNA from ground maize grain samples and semi-processed maize samples was performed by the CTAB method according to "Extraction and purification of DNA from maize and soybean grain" published by MHLW 2) . One gram of the ground tacos or tortilla samples was placed in a 50 mL polypropylene centrifuge tube. Extraction of DNA from these samples was performed with Genomictip 20/G (QIAGEN Inc., Hilden, Germany), according to "Extraction and purification of DNA from tacos and tortillas" in accordance with the MHLW protocol 2) . As for canned product samples, canned maize soup was removed and mixed with the same volume of water in a mixing mill. One hundred mg of the mixed samples was placed in a 1.5 mL tube. DNA was extracted from these samples by the CTAB method, according to "Extraction and purification of DNA from canned maize and bottled maize" in "JAS Analytical Handbook, Manual of Inspection and Analysis for GM Foods" by IAI Center for Food Quality, Labeling and Consumer Services of Japan ῎4 . In the case of maize snack samplesῌ they were mixed with twice the volume of water in a mixing mill. Four hundred mg of the mixed samples was placed in a 1.5 mL tube. DNA was extracted from these samples with the CTAB method, similarly to the case of the canned product.
V῍ Qualitative PCR
A 25 mL volume of a reaction solution contained 13.975 mL of sterilized water, 2.5 mL of10-fold PCR bu#erIIῌ 2.5 mL of 2.0 mM dNTPs, 3.0 mL of 25 mM MgCl 2 , 0.125 mL of AmpliTaq Gold polymerase, 0.2 mL of the primer mixture (25 mM each) and 2.5 mL of sample DNA (10 ng/mL)῍ Zein n῍5῏ῌZein n῍3῏ was used as the primer pair for detection of the endogenous zein gene in maize to confirm the quality of the extracted DNA. For samples where the zein gene was detected, the screening test was performed using the primer pair CaM03῍ 5῏ῌCBH02῍3῏ by qualitative PCR. Next, the confirmation test was done in the screening test-positive samples by PCR using primer pair Cry9C῍5῏ῌ35Ster῍ 3῏. Amplification was performed in a thermal cycler according to the following PCR step-cycle program: at 95῍ for 10 min, and 40 cycles of 30 sec at 95῍ῌ 30 sec at 60῍ῌ 30 sec at 72῍ῌ followed by a final extension at 72῍ for 7 min. After the PCR amplification, 7.5 mL of the PCR product was electrophoresed at a constant voltage (100 V) on 2.5῎ agarose gel supplemented with 0.5 mg/mL ethidium bromide in TAE bu#er solution [40 mM Tris῍HCl, 40 mM acetic acid and 1 mM EDTA (pH 8.0)]. The gel was photographed with a Polaroid camera under UV irradiation (312 nm). The locations of bands of PCR products were confirmed on the agarose gel electrophoresis profile.
VI. Detection of CBH351 maize by lateral flow method
Ground samples of maize grain, maize grits and maize meal samples were tested by the lateral flow method. According to the criteria of the kit, result was positive when two red lines appeared on the test strip, and result was negative when one line appeared on the test strip.
VII. Analysis of base sequences of DNA amplified in the screening test
First, base sequences were preliminarily determined by analysis of obtained PCR amplification products using the primer pair CaM03῍5῏ῌCBH02῍3῏. The primer pair MI03῍5῏ῌMIR03῍3῏ was newly designed to confirm the sequence data obtained. Qualitative PCR was done by using primer pair MI03῍5῏ῌMIR03῍3῏ for the false-positive samples in the screening test. The obtained PCR amplification products were purified by using Montage PCR Centrifugal Filter Devices (Millipore Co., Billerica, MA). Dye terminator cycle sequencing reactions were performed by using a BigDye Terminator V1.1 Cycle Sequencing kit (Applied Biosystems, Foster City, CA). The base sequences of the reaction products purified on Centri-Sep Spin Columns (Applied Biosystems) were analyzed with ABI PRISM 310 Genetic Analyzer.
Results and Discussion
I. Detection of CBH351 maize in maize grain and maize processed foods
The screening test was done for the maize grain and the maize-processed foods by qualitative PCR, as shown in Table 2 . The amplicon length from all samples was the same. All the amplicons obtained from 29 (28.2῎) of 103 samples in which the endogenous gene was detected had the same length. It was close to the length of positive control. The electrophoresis patterns of some samples are shown in Fig. 1 . The detection rate of the band from taco was relatively high (75῎). However, the detection rates in maize grain and maize processed foods except tacos were 10.0῍36.7῎. When qualitative PCR for confirmation of the 29 samples that showed possibly positive in the screening test was performed by using primer pair Cry9C῍5῏ῌ35Ster῍3῏, no positive samples were detected.
The presence of the CBH351 maize was also investigated by the lateral flow method for the maize grain and the semi-processed maize foods which showed possibly positive in the screening test. The CBH351 maize was not detected in these samples. The detection results of CBH351 maize by the confirmation tests using qualitative PCR and the lateral flow method clarified that the positive samples in the screening test by qualitative PCR were all false-positives. We next examined annealing temperatures of 62῍ and 65῍ῌ because the false-positive reaction might be prevented at higher annealing temperature. However, the false-positive reaction was still observed at these annealing temperatures for 5 false-positive samples.
II. Base sequence of PCR amplification products in screening qualitative PCR-positive samples
The base sequence of the PCR amplification products in screening PCR of false-positive samples, including maize grain, maize flour, tacos, tortillas, and snacks, was analyzed by the dye terminator method. The length of the PCR amplification products was found to be 192 bp. The sequences were the same. In CBH351 maize, the length of the PCR amplification product in the screening qualitative PCR was 170 bp. Thus, the amplification length of the bands that appeared in the screening test was di#erent from that of CBH351 maize. Further, the determined base sequence was compared with GenBank data using BLAST. The arrays were found to be similar to the base sequences on genomic DNA of maizes (accession numbers AC116033, AY664418 and AY664414)
3), 4) (Fig. 2) . The 3῎-end of the primer sequence is important for the specificity of PCR. The nine bases from the 3῎ -ends of primers CaM03῍5῎ and CBH02῍3῎ used for qualitative PCR were the same as the base sequences existing in genomic DNA of a certain maize. This similarity may cause the false-positives in those samples.
It is di$cult to prevent false-positive reaction in screening examination, if a sample contains a maize clone with a common array to that at the 3῎-end of the base sequence of a primer for qualitative PCR. However, false-positive reaction should be suppressed in the GMO test for reasons of time and cost reduction. It might be necessary to design new primers to prevent the false-positive reaction in the screening test.
III. Specificity and sensitivity of the new primer pair for CBH351 maize
In order to prevent the false-positive reaction with the primer pair CaM03῍5῎ῌCBH02῍3῎, it will be necessary to design new primers for the CBH351 maize with high specificity, so that the extra band does not emerge. To overcome the non-specificity of the primer pair CaM03῍5῎ῌCBH02῍3῎, new primer pairs TMC1῍5῎ῌ TMS1῍3῎ and TMC2῍5῎ῌTMS2῍3῎ were designed based on the base sequence of the CBH351 maize reported by Matsuoka et al. 5) The base sequences of the new primers were compared with the GenBank data. No base sequences similar to the new primers were found in the maize genome. A schematic diagram of the designed PCR primer pairs is shown in Fig. 3 . The sequences of these primers are given in Table 1 . PCR was done by using these primer pairs for CBH351 maize DNA. All PCR products were sequenced. The amplification length and base sequence of these PCR products were found to be consistent with the insert DNA in CBH351 maize. Moreover, PCR was done to examine the specificity of these primer pairs by using DNA extracted from barley, wheat, rice, RRS, Bt11, and Event176. In PCR with the primer pairs TMC1῍5῎ῌTMS1῍3῎ and TMC2῍5῎ῌTMS2῍3῎, the band did not emerge for any template DNA other than the control (Fig. 4) . Further, the false-positive samples in which the band emerged by PCR using the primer pair CaM03῍5῎ῌCBH02῍3῎ did not show a false-positive reaction in PCR using the newly designed primer pairs.
Next, the CBH351 maize DNA was mixed with DNA extract from IRMM412 (MA-0) to examine the sensitivity of these primers. The CBH351 maize DNA amount was adjusted to 0.025, 0.05, 0.1 and 0.2ῌ. PCR for detection of CBH351 maize was done with these DNA Fig. 3 . Schematic diagram of PCR primer pairs designed for detection of CBH351
The expected sizes of PCR products are indicated in parentheses. samples. The CBH351 maize was detected in samples containing at least 0.05ῌ CBH351 maize DNA. This sensitivity is similar to that attained with the primer pair CaM03῍5῎ῌCBH02῍3῎ 5) . However, the fluorescence intensity in electrophoresis of the band obtained with the primer pair TMC2῍5῎ῌTMS2῍3῎ was a little greater than that in the case of the primer pair TMC1῍5῎ῌ TMS1῍3῎ (Fig. 5) .
Based on the above results, we recommend the system using primer pair Cry9C῍5῎ῌ35Ster῍3῎ for the screening test and primer pair TMC2῍5῎ῌTMS2῍3῎ for the confirmation test. This system for the detection of CBH351 maize should be faster and cheaper than the o$cial MHLW method, with fewer false-positive reactions.
